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Hello Ken,

I am so sorry for the delay. Shortly after our conversation, the world stopped and my lab
priorities changed for a few weeks. Thankfully we are returning to the lab now, and restarting
our experiments, so I hope that we can finish our work soon.

In the meantime, I am attaching a spreadsheet with the raw data for the samples we have
collected last year and a very brief summary including the main objectives of our project and
the techniques we are using to analyze our samples. We are hoping we may be able to collect
more samples this year in the next couple of weeks. We have collected samples in the two
streams parallel to Peter's Mine Road, near the intersection with Cannon Mine Road. We also
collected samples in two streams near Sally's Pond, in Ringwood Manor, and in a small water
reservoir near a baseball field (coordinates are in the spreadsheet).

Also, I would love if we could meet and discuss a more direct collaboration in the near future,
especially regarding sample collection in this or other sites (Objective 1).

Please, let me know if you have any questions or if you need anything else from me at this
time.

Thank you,

Lucia

Lucia Rodriguez-Freire, Ph.D.

Assistant Professor

John A. Reif, Jr. Department of Civil and Environmental Engineering
New Jersey Institute of Technology
266 Colton Hall,

University Heights,
Newark, NJ 07102

Phone number: 973-596-2448
em_ail: Irfreire@njit.edu__

lucia.rodri Zfreire@niit.

website: https://centers.njit.edu/appliedbiogeochemistry/welcome/
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Harnessing plant-microbe interactions to control PFAS environmental fate

Lucia Rodriguez-Freire - NJIT



Project summary

[bookmark: _GoBack]The partition of PFAS in the environment is controlled by hydrophobic and lipophobic effects, electrostatic interactions, and interfacial behaviors. These interactions of PFAS with the environmental media will impact PFAS transformation reactions, and their bioavailability and toxicity. Plants and rhizosphere environments are particular vulnerable for PFAS accumulation.  A comprehensive understanding of the mechanisms controlling PFAS retention or degradation is critical, in order to prevent or attenuate the effect of a changing environment (phytoremediation) and predict potential human exposure routes (agriculture). The overarching goal of this project is to elucidate the main mechanisms controlling PFAS mobility and bioavailability in the environment, and in particular the role of plant-microbe response to PFAS exposure. Our main hypothesis is that the PFAS partition can be controlled by modifying the chemical and biological characteristics of the site. This hypothesis will be investigated through the following objectives: 

(1) Investigation of the environmental factors controlling PFAS retention and mobility from soil and sediments. This objective will be completed throughout an extensive field and laboratory experiments to determine the PFAS partition between the different environmental compartments.

(2) Investigation of the microbe-plant mechanisms controlling PFAS plant uptake and plant response to PFAS exposure. Plant and microbial response and PFAS uptake by plants under relevant environmental conditions will be studied in a combination of in vitro, hydroponic and soil-potted experiments. These results will identify plants more susceptible for PFAS uptake, as well as physical, chemical and biological processes controlling PFAS transport and plant uptake. 

(3) Stimulation of PFAS phytodegradation via bioaugmentation and the application of nanobubbles. PFAS phytodegradation in biosolid-amended soils will be evaluated with the amendment of endophytic microorganisms, with and without nanobubbles application. 

The proposed work is expected to provide a holistic understanding of the fate and transformation of PFAS within the various environmental compartments and into the plants, and it will inform future remediation strategies and exposure prevention alternatives. 



Preliminary data: Field investigation of PFAS partition in soil, water and plants

		Table 1 Summary of PFAS concentration in water and sediments near the Ringwood/Ford Superfund site



		

		PFOS

		PFOA



		Water

		445.56 ng/L

		23.78 ng/L



		Sediments

		0.77 ng/g

		0.43 ng/g



		Rhizosphere

		2.17-2.30 ng/g

		0.34-0.66 ng/g



		Root

		0.811 ng/g

		2.121 ng/g



		Shoot

		0.238-0.483 µg/g

		0.267-0.714 µg/g



		Root-rhizosphere CF

		0.37-0.35

		6.24-3.21



		Shoot-root CF

		0.29-0.59

		0.12-0.33



		Rhizosphere-soil CF

		2.82-2.99

		0.79-1.53





The concentration and fate of PFAS in a surface water, soil and plants in the lands of the in the Borough of Ringwood, Country of Passaic, New Jersey, have been monitored. The Ringwood community lands are part of the Ringwood/Ford Superfund Site, where soil and water were known to be contaminated with lead, arsenic, chloroethane, benzene and 1,4-dioxane. The site operated as iron mines beginning in the early 1700s and as a disposal site since the 1960s for automobile manufacturing wastes. Water samples were collected in surface water streams downstream the site and tested for the contaminants of concern and the three PFAS (see Analytical Methods below) with drinking water standards in New Jersey. Low PFAS concentrations were detected at any location, but Location 3 had elevated concentrations of PFOS (445.56 ng/L), PFOA (23.78 ng/L) and PFNA (25.69 ng/L) in water. The concentration of PFAS in soil and plants was further studied in location 3. Plants were collected full, and the soil adhered to the roots was preserved and processed for PFAS concentration in the rhizosphere. PFAS concentration factors (CF) were calculated as the ratio of PFAS concentration between the two environmental media. A summary of these results is presented in Table 1 (also see attached spreadsheet for all analysis). According with this study, little translocation from the roots to the rest of the plant was observed with PFOS or PFOA. PFOA uptake and accumulation in the roots was greater than PFOS. PFOA concentration was 3.21-6.24-fold greater in the root than in the rhizosphere. PFOS preferentially accumulated in the rhizosphere, with 2.82-2.99 fold more PFOS in the rhizosphere than in the soil. 



Analytical methods

PFAS analysis: The concentration of PFAS in environmental samples will be determined using a combination of three state-of-the-art analytical techniques: 19F nuclear magnetic resonance (NMR) spectrometry for total organic fluoride,73, 74 triple quadrupole (QQQ) liquid chromatography mass spectrometry (LC/MS) for quantification of selected PFAS, and quadrupole-time of flight liquid chromatography tandem mass spectrometry (LC-QTOF-MSMS) for identification of unknown PFAS with non-targeted analysis. Liquid samples will be process with a solid-phase extraction (SPE) with 0.5 g, 6 mL SPE cartridges containing styrenedivinyl-benzene (SDVB) single polymer sorbent phase in a Visiprep™ Large Volume Sampler. Briefly, 250 mL of the water will be passed through the preconditioned cartridges at a flow rate of 10-15 mL/min. Then, the cartridges are dried with air and nitrogen, and the sample eluted with 4 mL of methanol. Further concentration of the extract will be performed by N2 purging in a heated water bath. Then, a solution 96:4% (vol/vol) methanol:water will be added to the final volume required for analysis. Sediment samples will be dried for 12 h at 60 oC in a controlled–temperature oven, crushed and homogenized. PFAS concentration from sediments, rhizosphere, and plants will be freeze-dried and homogenized, and 2 g of sample will be mixed with 100 µL of internal standard and extracted using the same procedure as for liquid samples.54 The extracts will be analyzed using the two NMR spectrometers in the NMR Laboratory at the NJIT/Chemistry and Environmental Science (CES) Department in collaboration with Dr. Carlos Pacheco, director of the NMR Laboratory, the Agilent 6470 QQQ- LC/MS system in the Core Facilities in the Otto H. York Center for Environmental Engineering and Science at NJIT, and selected samples will be send to the Arizona Laboratory for Emerging Contaminants at the University of Arizona for non-targeted screening with the LC-QTOF-MSMS. A negative control will be always run in parallel to the treatments to account for potential PFAS contamination in the field and laboratory studies. 

Metal and ion analysis: Metal concentrations from water will be measured in acid-digested water samples, in which 10 mL of the water sample will be pipetted into a digestion tube, and digested with 2 mL HNO3 (UHP) and 1 mL HCl (UHP)  for 2 h at 85 °C. After digestion, the volume of the sample will be brought to 25 mL using 18 megaohm water and filtered through 0.45 µm filter to remove any remaining particulate matter. 1 g of sediment will be digested with 2 mL HNO3 (UHP) + 1 mL HCl (UHP)  and 1 g of the dried plant will be weighed and digested with 9 mL HNO3 (UHP) and 1 mL H2O2 for 60 min at 65 °C and then for an additional 60 min at 80° C. The digested sample will be diluted deionized water to 25 mL, and filtered through a 0.45 µm filter to remove any particulate matter. Digested water, sediments, and plants will be analyzed for trace metal concentrations using Inductively Coupled Plasma ionization (ICP), coupled with a Mass Spectrometer (MS). Major anions such as carbonate, phosphate, sulfate, nitrate, and nitrite will be measured in filtered water samples using ion chromatography (IC).

Sediment and plant characterization: Other sediment phase characterization includes the concentration of organic matter in the sediments estimated by loss-of-ignition in which a the loss of mass in sediments will be measured after drying the sample at 105 °C for 8 h, and after combustion at 550 °C for 5 h. Mineralogy of the sediments phase will be investigated using X-ray diffraction (XRD), and Raman spectroscopy. Scanning transmission electron microscopy energy dispersive X-ray spectroscopy (STEM-EDS) and Fourier-transform infrared spectroscopy (FTIR) will be used to study the distribution of contaminants in sediments and plants. 

Microbial community analysis: The microbial population in the rhizosphere and inside the plants (endophytic) will be investigated. Plant pieces will be washed with sterile 18 megaohm water, 70% ethanol for 1 min, and with 4% sodium hypochlorite for 2 min. Then, 10 g of plant pieces will be macerated with 90 mL of a saline buffer medium (50 mM KH2PO4, 150 mM NaCl, pH 7.6) during 3-4 h at 4 oC under vigorous agitation (200 rpm). After maceration, the extract will be used for DNA extraction. The DNA of the sediments and plants will be extracted using the FastDNA™ SPIN Kit for Soil (MP Biomedicals) and sent to the external laboratory MR DNA (Molecular Research, Texas) to be sequenced using Ultra-high-throughput Illumina DNA Sequencing to identify the microorganisms present in the sediments. Diversity and phylogeny-based analysis of the samples will be performed using a bioinformatic program, Mothur, in combination with the R-package.




Summary Water, Sediments



																		ng/L, ng/g								µg/L, µg/g

				Sample ID		Date		Coordinates		T (oC)		pH		DO (mg/L)		Cond (µS/cm)		Benzene		PFNA 		PFOA		PFOS		V		Cr		Mn		Fe		Co		Cu		Zn		As		Se		Cd		Pb		Sc		Y		La		Ce		Or		Nd		Sm		Eu		Gd		Tb		Dy		Ho		Er		Tm		Yb		Lu		Th		U

		Water Total		05182019-WT1		5/18/19 10:00 AM		41° 8' 12.73"N,  -74° 16' 13.12"W		11.4		7.5		9.48		319.1		1479.05		1.28		8.62		2.29		8.86		4.88		2181.72		10580.72		1.99		21.70		46.09		6.00		1.22		0.75		7.13		0.83		18.22		12.93		29.53		3.79		17.19		3.96		0.58		4.37		0.63		3.63		0.76		2.16		0.31		1.88		0.26		6.47		0.84

		Water Dissolved		05182019-WD1		5/18/19 10:00 AM																				0.17		0.11		505.74		922.24		0.33		1.19		2.81		0.44		0.25		0.13		0.22		0.11		0.17		0.12		0.12		0.06		0.11		0.06		0.05		0.07		0.05		0.07		0.05		0.06		0.05		0.07		0.05		0.09		0.12

		Sediments		05182018-S1		5/18/19 10:00 AM																				33.00		25.53		18146.58		98879.05		20.45		59.04		202.05		12.40		1.18		0.63		30.50		1.12		20.13		16.79		34.76		4.59		19.73		3.17		0.50		4.89		0.73		4.36		0.90		2.59		0.25		1.51		0.22		3.14		0.58

		Water Total		05182019-WT2		5/18/19 10:00 AM		41° 8' 12.51"N,  -74° 16' 12.84"W		11.9		6.67		8.39		46.59		2438.40		0.31		2.27		0.61		3.13		1.00		62.69		1228.68		0.54		13.09		19.71		1.72		0.56		0.22		5.88		0.40		2.27		1.87		4.21		0.53		2.34		0.51		0.10		0.60		0.09		0.48		0.11		0.28		0.04		0.23		0.04		1.58		0.31

		Water Dissolved		05182019-WD2		5/18/19 10:00 AM																				0.19		0.04		6.29		44.88		0.06		3.54		6.69		0.25		0.16		0.09		0.22		0.08		0.36		0.18		0.34		0.06		0.27		0.07		0.02		0.07		0.02		0.06		0.02		0.05		0.01		0.05		0.01		0.04		0.04

		Sediments		05182018-S2		5/18/19 10:00 AM																				43.44		29.67		618.61		32986.52		9.08		53.22		181.39		25.44		2.10		0.12		19.02		1.19		55.08		48.96		102.60		12.58		54.00		11.86		1.66		13.24		1.95		11.63		2.48		7.23		0.99		5.99		0.58		16.29		1.79

		Water Total		05182019-WT3		5/18/19 10:00 AM		41o 8' 20.60"N, -74o 16' 12.91"W		12.2		7.28		7.93		301.8		14.39		25.69		23.78		445.56		3.06		1.28		1072.32		8067.98		0.82		25.03		20.33		2.13		0.65		0.27		5.09		0.24		0.82		0.70		1.54		0.19		0.82		0.19		0.03		0.22		0.03		0.19		0.04		0.12		0.01		0.09		0.01		0.85		0.20

		Water Dissolved		05182019-WD3		5/18/19 10:00 AM																				0.16		0.09		703.31		1175.79		0.33		2.32		2.81		0.46		0.13		0.05		0.22		0.08		0.14		0.07		0.11		0.03		0.09		0.04		0.02		0.04		0.02		0.04		0.03		0.04		0.02		0.03		0.03		0.05		0.11

		Sediments		05182018-S3		5/18/19 10:00 AM														0.02		0.43		0.77		39.90		22.64		37906.13		144075.00		23.90		53.06		171.59		18.46		1.18		0.41		30.23		0.92		22.20		24.28		49.16		5.91		24.21		3.65		0.55		5.50		0.81		4.86		1.02		2.98		0.29		1.74		0.26		4.27		1.19

		Water Total		05182019-WT4		5/18/19 10:00 AM		41° 7' 43.74"N,  -74° 15' 43.70"W		16.6		6.87		8.67		124.9		401.02		0.64		2.50		3.33		3.03		2.92		187.37		2076.09		0.48		24.00		15.61		1.75		0.56		0.13		4.01		0.13		0.49		0.63		1.20		0.15		0.64		0.11		0.02		0.13		0.01		0.09		0.03		0.07		0.00		0.05		0.00		0.78		0.24

		Water Dissolved		05182019-WD4		5/18/19 10:00 AM																				0.22		0.04		70.24		188.61		0.07		1.07		1.93		0.25		0.13		0.05		0.13		0.05		0.09		0.07		0.08		0.03		0.08		0.03		0.02		0.04		0.03		0.03		0.03		0.03		0.02		0.03		0.03		0.03		0.08

		Sediments		05182018-S4		5/18/19 10:00 AM																				37.84		33.71		994.11		29338.30		9.80		61.14		139.54		4.13		0.74		0.32		40.79		1.31		8.01		11.21		26.50		2.77		11.14		1.66		0.25		1.73		0.25		1.42		0.28		0.77		0.10		0.63		0.09		3.19		1.23

		Water Total		05182019-WT4		5/18/19 10:00 AM		41° 8' 17.63"N,  -74° 15' 31.34"W		12.4		7.62		10.4		79.52		422.61		0.77		2.09		0.83		3.10		1.18		524.05		4544.57		0.70		16.47		14.13		1.97		0.26		0.12		9.96		0.16		1.54		1.78		3.40		0.41		1.75		0.34		0.06		0.40		0.06		0.33		0.07		0.20		0.02		0.16		0.02		0.59		0.45

		Water Dissolved		05182019-WD4		5/18/19 10:00 AM																				0.08		0.00		14.04		236.49		0.03		1.25		1.07		0.17		0.04		0.05		0.08		0.05		0.06		0.04		0.05		0.03		0.05		0.03		0.02		0.03		0.02		0.03		0.02		0.03		0.02		0.02		0.02		0.03		0.07

		Sediments		05182018-S4		5/18/19 10:00 AM																				33.44		22.51		2806.18		43187.34		10.30		39.33		101.20		20.29		1.53		0.23		7.28		0.80		36.65		35.22		71.44		8.88		37.78		8.27		0.87		9.28		1.36		8.11		1.72		4.97		0.60		4.13		0.41		5.37		2.16

		Water Total		05182019-WT4		5/18/19 10:00 AM		41° 8' 20.37"N,  -74° 15' 30.56"W		12.8		7.24		10.09		51.47		389.27		0.27		1.45		2.24		2.94		0.89		30.80		525.12		0.26		20.54		7.55		1.57		0.32		0.07		3.19		0.17		0.56		0.44		0.77		0.12		0.54		0.11		0.02		0.16		0.02		0.12		0.03		0.07		0.01		0.06		0.01		0.35		0.25

		Water Dissolved		05182019-WD4		5/18/19 10:00 AM																				0.39		0.10		4.59		44.33		0.04		1.33		1.69		0.16		0.15		0.03		0.10		0.07		0.17		0.08		0.10		0.03		0.11		0.03		0.02		0.04		0.02		0.04		0.02		0.03		0.01		0.03		0.01		0.02		0.06

		Sediments		05182018-S4		5/18/19 10:00 AM

																		ng/L, ng/g								µg/L, µg/g

				Sample ID		Date		Coordinates		T (oC)		pH		DO (mg/L)		Cond (µS/cm)		Benzene		PFNA 		PFOA		PFOS		V		Cr		Mn		Fe		Co		Cu		Zn		As		Se		Cd		Pb		Sc		Y		La		Ce		Or		Nd		Sm		Eu		Gd		Tb		Dy		Ho		Er		Tm		Yb		Lu		Th		U

		Water Total		07302019-WT2-1		7/30/19 3:00 PM		41° 8' 12.51"N,  -74° 16' 12.84"W		no water

		Sediments		07302019-S2-1		7/30/19 3:00 PM														0.02		0.39		2.18		26.77		125.13		776.42		20827.09		7.30		37.04		79.30		14.59		1.10		0.18		14.13		1.71		44.50		39.42		81.45		10.48		42.33		6.51		1.15		6.76		1.22		5.35		1.44		3.16		0.56		2.65		0.49		4.04		1.10

		Water Total		07302019-WT3-1		7/30/19 3:00 PM		41o 8' 20.60"N, -74o 16' 12.91"W		20.4		7.07		5.65		508.0				1.05		9.23		4.53		17.72		1.70		697.71		2579.79		0.53		17.11		24.93		2.60		0.68		0.14		0.39		0.10		0.06		0.07		0.14		0.03		0.06		0.02		0.03		0.03		0.00		0.03		0.03		0.04		0.03		0.03		0.03		0.30		0.13

		Stagnant water		07302019-WT3-2																4.76		10.38		4.42

				07302019-WT3-3																41.16		10.46		2.65

				07302019-WT3-4																12.50		10.06		5.89

				07302019-WT3-5																11.04		9.13		1.99

		Sediments		07302019-S3-1		7/30/19 3:00 PM														0.02		0.29		1.53		31.30		14.74		32039.56		135332.37		21.75		50.77		151.83		13.34		0.52		0.60		29.00		1.59		20.78		15.70		32.14		4.16		11.81		2.71		0.55		2.87		0.53		2.35		0.63		1.40		0.25		1.18		0.22		1.70		0.60

				07302019-S3-2																0.06		0.38		1.99

				07302019-S3-3																0.00		0.11		0.22





Summary Rhizosphere, Plants



														ng/g						µg/g

		Sample description						Sample ID		Date		Coordinates		PFNA		PFOA		PFOS		V		Cr		Mn		Fe		Co		Cu		Zn		As		Se		Cd		Pb		Sc		Y		La		Ce		Or		Nd		Sm		Eu		Gd		Tb		Dy		Ho		Er		Tm		Yb		Lu		Th		U

		Location 1		Rhizosphere		Plant 1		05182019-Rh1-P1		5/18/19 10:00 AM		41° 8' 12.73"N,  -74° 16' 13.12"W								36.30		25.60		25154.40		109957.50		21.81		54.46		191.45		13.63		1.06		0.62		28.59		0.23		3.95		3.76		7.64		0.95		3.97		0.61		0.09		0.67		0.10		0.56		0.12		0.34		0.05		0.28		0.04		0.68		0.10

		Location 1		Rhizosphere		Plant 2		05182019-Rh1-P2												37.08		27.07		30998.31		122659.31		22.14		62.24		223.61		12.88		0.83		0.69		41.15		0.36		5.25		4.58		9.45		1.19		5.01		0.78		0.12		0.86		0.12		0.73		0.15		0.43		0.06		0.35		0.05		0.78		0.17

		Location 2		Rhizosphere		Plant 1		05182019-Rh2-P1				41° 8' 12.51"N,  -74° 16' 12.84"W								35.33		25.16		2495.07		37409.83		9.53		44.34		239.96		12.01		1.18		0.39		17.07		1.30		28.99		24.43		60.36		5.89		24.60		5.48		0.81		5.85		0.86		5.11		1.07		3.09		0.42		2.54		0.25		2.74		0.83

		Location 2		Rhizosphere		Plant 2		05182019-Rh2-P2												33.54		27.59		1357.49		29997.65		9.81		41.67		200.61		13.22		1.12		0.38		21.96		1.23		31.56		31.97		62.31		7.27		29.89		6.48		0.98		6.81		1.00		5.84		1.20		3.47		0.47		2.87		0.29		4.55		1.01

		Location 3		Rhizosphere		Plant 1		05182019-Rh3-P1				41o 8' 20.60"N, -74o 16' 12.91"W		0.2028668607		0.3898768916		2.2966335942		45.05		28.33		35547.64		155615.95		20.03		53.03		188.15		18.79		1.10		0.56		32.22		0.46		9.83		7.75		16.36		2.05		8.71		1.37		0.21		1.47		0.22		1.82		0.27		0.78		0.10		0.64		0.09		3.57		0.27

		Location 3		Rhizosphere		Plant 2		05182019-Rh3-P2						0.2856802718		0.6627204165		2.1707213303		43.24		27.18		50261.37		192713.22		24.45		62.35		231.46		18.75		0.96		0.81		36.51		0.46		7.89		6.57		13.72		1.71		7.20		1.13		0.18		1.20		0.18		1.03		0.21		0.61		0.08		0.50		0.07		1.23		0.24

		Location 1		Plant 2		Leaf		05182019-P1-L2		5/18/19 10:00 AM		41° 8' 12.73"N,  -74° 16' 13.12"W								0.03		0.06		827.54		115.97		0.06		10.03		36.45		0.03		0.02		0.04		0.13		0.00		0.01		0.01		0.02		0.05		0.17		0.00		0.00		0.03		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.02		0.00

		Location 2		Plant 2		Leaf		05182019-P2-L2				41° 8' 12.51"N,  -74° 16' 12.84"W								0.18		0.16		109.01		213.97		0.11		15.21		187.08		0.07		0.02		0.38		0.40		0.02		0.14		0.16		0.29		0.03		0.14		0.03		0.01		0.03		0.00		0.03		0.01		0.01		0.00		0.01		0.00		0.04		0.02

		Location 3		Plant 1		Leaf		05182019-P3-L1				41o 8' 20.60"N, -74o 16' 12.91"W								0.05		0.08		203.25		241.95		0.06		11.61		58.62		0.04		0.02		0.02		0.18		0.01		0.04		0.03		0.05		0.01		0.02		0.00		0.00		0.01		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.01		0.05

		Location 3		Plant 2		Leaf		05182019-P3-L2				41o 8' 20.60"N, -74o 16' 12.91"W								0.17		0.14		198.51		429.71		0.11		11.72		49.69		0.07		0.02		0.12		0.32		0.02		0.06		0.06		0.08		0.01		0.06		0.01		0.00		0.01		0.00		0.01		0.00		0.01		0.00		0.00		0.00		0.01		1.92

		Location 1		Plant 2		Stem		05182019-P1-S2				41° 8' 12.73"N,  -74° 16' 13.12"W								0.04		0.43		637.43		89.05		0.08		11.19		66.80		0.04		0.02		0.05		0.09		0.00		0.01		0.01		0.02		0.01		0.03		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Location 2		Plant 2		Stem		05182019-P2-S2				41° 8' 12.51"N,  -74° 16' 12.84"W								0.13		0.09		41.85		105.17		0.05		9.15		87.88		0.06		0.02		0.61		0.23		0.01		0.07		0.07		0.13		0.02		0.06		0.01		0.00		0.01		0.00		0.01		0.00		0.01		0.00		0.00		0.00		0.01		0.20

		Location 3		Plant 1		Stem		05182019-P3-S1				41o 8' 20.60"N, -74o 16' 12.91"W								0.03		0.11		53.77		41.33		0.02		7.13		22.17		0.03		0.02		0.02		0.08		0.01		0.01		0.00		0.01		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Location 2		Plant 2		Root		05182019-P2-R2				41° 8' 12.51"N,  -74° 16' 12.84"W								1.88		11.70		397.41		1345.34		1.04		61.70		286.71		0.40		0.14		2.64		2.32		0.14		3.37		2.58		3.93		0.48		2.85		0.68		0.13		0.74		0.07		0.60		0.08		0.33		0.03		0.28		0.04		0.13		1.02

		Location 3		Plant 1		Root		05182019-P3-R1				41o 8' 20.60"N, -74o 16' 12.91"W								5.22		3.67		4453.64		24915.12		2.45		28.97		112.19		2.21		0.11		0.24		6.43		0.23		2.61		1.40		3.84		0.35		2.03		0.46		0.08		0.50		0.05		0.44		0.06		0.25		0.02		0.21		0.03		0.28		0.40

		Location 3		Plant 1		Whole		05182019-P3-W1				41o 8' 20.60"N, -74o 16' 12.91"W		0.2028668607		0.3898768916		2.2966335942

		Location 3		Plant 2		Whole		05182019-P3-W2				41o 8' 20.60"N, -74o 16' 12.91"W		0.2856802718		0.6627204165		2.1707213303

		Location 2		Rhizosphere		Plant 1		07302019-Rh2-P1		7/30/19 3:00 PM		41° 8' 12.51"N,  -74° 16' 12.84"W								21.99		12.08		504.68		20635.06		6.96		40.39		141.69		9.76		0.52		0.38		39.71		1.67		34.40		26.52		57.66		7.42		30.49		4.82		0.93		5.13		0.96		4.28		1.16		2.55		0.46		2.15		0.39		4.83		0.97

		Location 2		Rhizosphere		Plant 2		07302019-Rh2-P2				41° 8' 12.51"N,  -74° 16' 12.84"W								25.83		51.20		662.07		23385.92		7.31		43.63		163.36		13.24		0.52		0.29		19.24		1.65		41.33		34.74		72.79		8.97		36.35		5.80		1.09		6.25		1.16		5.16		1.39		3.08		0.55		2.62		0.48		5.75		1.10

		Location 2		Rhizosphere		Plant 3		07302019-Rh2-P3				41° 8' 12.51"N,  -74° 16' 12.84"W								22.90		14.10		682.94		20624.99		7.53		34.06		140.19		9.31		0.52		0.18		17.64		1.60		31.80		25.54		54.47		6.87		28.03		4.58		0.90		4.88		0.90		4.03		1.09		2.44		0.44		2.10		0.39		4.15		0.99

		Location 2		Rhizosphere		Plant 4		07302019-Rh2-P4				41° 8' 12.51"N,  -74° 16' 12.84"W								24.55		24.40		871.49		20244.98		8.32		34.85		140.29		9.15		0.79		0.20		24.03		1.66		33.28		25.28		55.03		7.05		29.49		4.87		0.95		5.21		0.97		4.31		1.16		2.54		0.46		2.15		0.39		4.07		1.00

		Location 2		Rhizosphere		Plant 5		07302019-Rh2-P5				41° 8' 12.51"N,  -74° 16' 12.84"W								22.80		17.25		745.42		23308.25		7.57		43.99		131.87		11.68		1.04		0.39		19.49		1.58		39.07		31.75		69.70		8.61		35.48		5.75		1.08		6.18		1.14		5.05		1.36		3.00		0.54		2.51		0.46		3.84		1.34

		Location 3		Rhizosphere		Plant 1		07302019-Rh3-P1				41o 8' 20.60"N, -74o 16' 12.91"W								23.06		22.75		19595.55		79719.24		12.51		41.26		114.10		10.44		0.94		0.31		22.49		1.45		21.29		18.33		37.96		4.77		19.10		3.01		0.58		3.24		0.60		2.68		0.73		1.60		0.29		1.34		0.25		1.84		0.66

		Location 3		Rhizosphere		Plant 2		07302019-Rh3-P2				41o 8' 20.60"N, -74o 16' 12.91"W								26.71		11.86		26062.49		113676.66		15.48		45.56		139.88		11.27		0.84		0.43		29.75		1.59		16.67		14.03		29.51		3.68		10.63		2.44		0.50		2.57		0.48		2.13		0.57		1.25		0.23		1.06		0.20		1.70		0.70

		Location 2		Plant 1,2		Root		07302019-P2-R1,2		7/30/19 3:00 PM		41° 8' 12.51"N,  -74° 16' 12.84"W								1.01		0.56		133.99		737.32		0.46		7.62		142.60		0.27		0.03		0.65		2.36		0.09		0.69		0.60		1.23		0.15		0.60		0.15		0.04		0.16		0.03		0.12		0.03		0.06		0.01		0.06		0.01		0.08		0.08

		Location 2		Plant 3,4,5		Root thick		07302019-P2-RTk3,4,5				41° 8' 12.51"N,  -74° 16' 12.84"W								0.74		0.49		86.02		218.20		0.40		12.15		89.20		0.18		0.06		0.61		5.88		0.01		1.08		0.83		1.53		0.22		0.89		0.22		0.06		0.24		0.04		0.18		0.05		0.10		0.02		0.09		0.02		0.01		0.08

		Location 2		Plant 3,4,5		Root thin		07302019-P2-RTn3,4,5				41° 8' 12.51"N,  -74° 16' 12.84"W								2.99		1.57		409.06		2311.72		1.80		83.29		301.91		0.67		0.10		1.61		9.07		0.26		4.64		3.88		9.55		0.98		3.95		0.97		0.23		1.03		0.18		0.77		0.20		0.41		0.07		0.35		0.07		0.16		0.38

		Location 3		Plant 1,2		Root		07302019-P3-R1,2				41o 8' 20.60"N, -74o 16' 12.91"W								0.67		0.36		615.91		2849.25		0.41		6.73		21.68		0.34		0.03		0.13		1.06		0.06		0.35		0.31		0.66		0.08		0.31		0.07		0.02		0.07		0.01		0.06		0.02		0.03		0.01		0.03		0.01		0.06		0.03

		Location 2		Plant 1		Leaf		07302019-P2-L1				41° 8' 12.51"N,  -74° 16' 12.84"W								0.06		0.17		65.56		128.66		0.20		17.76		60.77		0.10		0.02		0.66		0.25		0.00		0.03		0.05		0.06		0.01		0.03		0.01		0.00		0.01		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Location 2		Plant 2		Leaf		07302019-P2-L2				41° 8' 12.51"N,  -74° 16' 12.84"W								0.06		0.32		59.97		118.19		0.13		15.64		53.68		0.11		0.02		0.42		0.20		0.00		0.02		0.03		0.04		0.01		0.02		0.00		0.00		0.01		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Location 2		Plant 3		Leaf		07302019-P2-L3				41° 8' 12.51"N,  -74° 16' 12.84"W								0.50		0.37		135.34		381.83		0.24		15.60		224.71		0.17		0.04		0.46		0.67		0.03		0.25		0.24		0.50		0.06		0.23		0.06		0.01		0.06		0.01		0.04		0.01		0.02		0.00		0.02		0.00		0.04		0.02

		Location 2		Plant 4		Leaf		07302019-P2-L4				41° 8' 12.51"N,  -74° 16' 12.84"W								0.22		0.22		131.02		192.04		0.12		17.26		187.22		0.09		0.02		0.58		0.37		0.02		0.13		0.13		0.25		0.03		0.12		0.03		0.01		0.03		0.00		0.02		0.01		0.01		0.00		0.01		0.00		0.02		0.01

		Location 2		Plant 5		Leaf		07302019-P2-L5				41° 8' 12.51"N,  -74° 16' 12.84"W								0.32		2.49		234.98		289.11		0.20		13.59		127.30		0.11		0.02		0.59		0.49		0.03		0.18		0.18		0.36		0.04		0.16		0.04		0.01		0.04		0.01		0.03		0.01		0.02		0.00		0.01		0.00		0.04		0.02

		Location 3		Plant 1,2		Leaf		07302019-P3-L1,2				41o 8' 20.60"N, -74o 16' 12.91"W								0.17		0.22		129.74		167.99		0.11		6.72		20.70		0.12		0.02		0.09		0.25		0.01		0.05		0.05		0.11		0.01		0.05		0.01		0.00		0.01		0.00		0.01		0.00		0.00		0.00		0.00		0.00		0.01		0.00

		Location 2		Plant 1		Stem		07302019-P2-S1				41° 8' 12.51"N,  -74° 16' 12.84"W								0.04		1.24		64.66		38.89		0.04		7.24		113.15		0.03		0.02		0.00		0.13		0.00		0.01		0.02		0.02		0.00		0.01		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Location 2		Plant 2		Stem		07302019-P2-S2				41° 8' 12.51"N,  -74° 16' 12.84"W								0.22		1.23		80.78		319.91		0.13		3.54		117.96		0.07		0.01		0.49		0.76		0.01		0.07		0.07		0.14		0.02		0.06		0.01		0.01		0.01		0.00		0.01		0.00		0.01		0.00		0.01		0.00		0.01		0.01

		Location 2		Plant 3,4,5		Stem		07302019-P2-S3,4,5				41° 8' 12.51"N,  -74° 16' 12.84"W								0.09		0.63		102.40		77.12		0.08		8.78		119.50		0.04		0.02		0.96		0.17		0.01		0.05		0.06		0.12		0.01		0.05		0.01		0.00		0.01		0.00		0.01		0.00		0.00		0.00		0.00		0.00		0.01		0.00

		Location 3		Plant 1,2		Stem thin		07302019-P3-STn1,2				41o 8' 20.60"N, -74o 16' 12.91"W								0.19		1.54		147.50		72.30		0.10		5.38		21.88		0.11		0.03		0.09		0.28		0.01		0.08		0.07		0.16		0.02		0.08		0.02		0.00		0.02		0.00		0.01		0.00		0.01		0.00		0.01		0.00		0.00		0.01

		Location 3		Plant 1,2		Stem thick		07302019-P3-STk1,2				41o 8' 20.60"N, -74o 16' 12.91"W								0.07		0.18		118.18		46.85		0.03		3.59		17.17		0.10		0.02		0.10		0.09		0.00		0.00		0.01		0.01		0.00		0.01		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Location 3		Plant 1		Leaf		07302019-P3-L1				41o 8' 20.60"N, -74o 16' 12.91"W				0.140		0.078

		Location 3		Plant 2		Leaf		07302019-P3-L2				41o 8' 20.60"N, -74o 16' 12.91"W				0.125		0.185

		Location 3		Plant 1		Stem thin		07302019-P3-STn1				41o 8' 20.60"N, -74o 16' 12.91"W				0.267		0.410

		Location 3		Plant 2		Stem thin		07302019-P3-STn2				41o 8' 20.60"N, -74o 16' 12.91"W				0.368		0.483

		Location 3		Plant 1		Stem thick		07302019-P3-STk1				41o 8' 20.60"N, -74o 16' 12.91"W				0.604		0.299

		Location 3		Plant 2		Stem thick		07302019-P3-STk2				41o 8' 20.60"N, -74o 16' 12.91"W				0.714		0.238

		Location 3		Plant 1,2		Root		07302019-P3-SR1,2				41o 8' 20.60"N, -74o 16' 12.91"W				2.121		0.811






On Wed, Feb 19, 2020 at 2:51 PM Petrone, Ken <Ken.Petrone@dep.nj.gov> wrote:

Lucia...thanks. I think we can wait for your paper for a few weeks. We are mostly interested
in your sample locations within and around Ringwood, and specifically any PFAS data. So
if your paper provides all that, we can just wait for your paper. Some Upper Ringwood
residents mentioned in a recent public meeting that they had a “report showing PFAS
contamination at the Ringwood Site...” . So we were not sure if it was your report or some
other report. But either way, we are just trying to get as much information as possible
regardless of whose reports they are referring to.

Kenneth J. Petrone

Section Chief

Bureau of Site Management

Publicly Funded Response Element/SRWMP
401 East State Street, Mail Code 401-5R
P.O. Box 420

Trenton, NJ 08625-0420

609.984.9755

Ken.Petrone@dep.nj.gov
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Subject: [EXTERNAL] Re: PFAS Data from Ringwood, NJ
Hello Mr. Petrone,

I will gladly share the data with you. I am working on a white paper summarizing the main
findings that I can send you as soon as it is ready in the next few days.

In the meantime, please let me know if there is any specific information that you would like
to see, if available.

Thank you,
Best,

Lucia

Lucia Rodriguez-Freire, Ph.D.

Assistant Professor

John A. Reif, Jr. Department of Civil and Environmental Engineering
New Jersey Institute of Technology

266 Colton Hall,

University Heights,

Newark, NJ 07102

Phone number: 973-596-2448

email: Irfreire@njit.edu
lucia.rodriguezfreire@nijit.edu

website: https://centers.njit appliedbi hemistry/welcom

)

| I
On Wed, Feb 19, 2020 at 10:45 AM Petrone, Ken <Ken.Petrone@dep.nj.gov> wrote:

Hello Ms. Rodriquez-Freire:

Joe Gowers (U.S. Environmental Protection Agency) and I are the Project Managers for
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the Ringwood Mines Landfill Superfund Site in Ringwood, NJ. As you know, Sandra
Goodrow (NJDEP) shared some PFAS data results with us, from your research/study of
surface waters and sediments in the area of Ringwood, NJ. Joe and I are wondering if
there is a completed report or paper that you prepared regarding this research/study and if
that information is available for our review. We would appreciate any additional data or
information that you might have regarding the sampling work you performed in any of the
surface water areas within or near Ringwood.

We appreciate your cooperation in this matter. Thank you.

Kenneth J. Petrone

Section Chief

Bureau of Site Management

Publicly Funded Response Element/SRWMP
401 East State Street, Mail Code 401-5R
P.O. Box 420

Trenton, NJ 08625-0420

609.984.9755

Ken.Petrone@dep.nj.gov

NJDEP
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NOTE: This E-mail is protected by the Electronic Communications Privacy Act, 18 U.S.C. Sections 2510-2521. This E-Mail and its contents,
may be Privileged & Confidential due to the Attorney-Client Privilege, Attorney Work Product, and Deliberative Process or under the New
Jersey Open Public Records Act. If you are not the intended recipient of this e-mail, please notify the sender, delete it and do not read, act upon,
print, disclose, copy, retain or redistribute it.
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